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flexible tongue is designed to cooperate, in a connected state
with a tongue groove of another panel, the panels are adapted
to be locked together by vertical folding, the flexible tongue
has a projection portion which, in a connected state projects
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groove, said projecting portion has a beveled and/or rounded
sliding surface and the panels have a sliding surface adapted
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flexible tongue is bent, a second displacement of the flexible
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tially by a spring effect caused by said bending of said flexible
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MECHANICAL LOCKING SYSTEM FOR
FLOOR PANELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/138,330, filed on Dec. 23, 2013, which is a continu-
ation of U.S. application Ser. No. 13/962,446, filed on Aug. 8,
2013, now U.S. Pat. No. 8,640,424, which is a continuation of
U.S. application Ser. No. 13/426,115, filed on Mar. 21, 2012,
now U.S. Pat. No. 8,528,289, which is a continuation of U.S.
application Ser. No. 13/158,776, filed on Jun. 13, 2011, now
U.S. Pat. No. 8,181,416, which is a continuation of U.S.
application Ser. No. 12/868,137, filed on Aug. 25, 2010, now
U.S. Pat. No. 7,980,041, which is a continuation of U.S.
application Ser. No. 11/822,681, filed on Jul. 9, 2007, now
U.S. Pat. No. 7,802,411, which is a continuation of U.S.
application Ser. No. 10/970,282, filed on Oct. 22, 2004, now
U.S. Pat. No. 7,454,875. The entire contents of each of U.S.
application Ser. No. 14/138,330, U.S. application Ser. No.
13,962,446, U.S. application Ser. No. 13/426,115, U.S. appli-
cation Ser. No. 13/158,776, U.S. application Ser. No. 12/868,
137, U.S. application Ser. No. 11/822.681 and U.S. applica-
tion Ser. No. 10/970,282 are hereby incorporated by reference
in their entirety.

TECHNICAL FIELD

The invention generally relates to the field of mechanical
locking systems for floor panels and such building panels that
are made of a board material. The invention relates to panels
provided with such locking systems, elements for such lock-
ing systems and methods for making and installing panels
with such locking systems.

FIELD OF APPLICATION OF THE INVENTION

The present invention is particularly suitable for use in
floating floors, which are formed of floor panels which are
joined mechanically with a locking system integrated with
the floor panel, i.e. mounted at the factory, are made up of one
or more upper layers of veneer, decorative laminate or deco-
rative plastic material, an intermediate core of wood-fibre-
based material or plastic material and preferably a lower
balancing layer on the rear side of the core. The following
description of prior-art technique, problems of known sys-
tems and objects and features of the invention will therefore,
as a non-restrictive example, be aimed above all at this field of
application and in particular laminate flooring formed as rect-
angular floor panels with long and shorts sides intended to be
mechanically joined on both long and short sides. The long
and shorts sides are mainly used to simplify the description of
the invention. The panels could be square, the sides could
have an angle other than 90 degree and they could have more
than 4 sides. It should be emphasized that the invention can be
used in any floor panel and it could be combined with all types
of’known locking system here the floor panels are intended to
be joined using a mechanical locking system in the horizontal
and vertical directions. The invention can thus also be appli-
cable to, for instance, solid wooden floors, parquet floors with
a core of wood or wood-fibre-based material and a surface of
wood or wood veneer and the like, floors with a printed and
preferably also varnished surface, floors with a surface layer
of plastic or cork, linoleum, rubber. Even floors with hard
surfaces such as stone, tile and similar are included and floor-
ings with soft wear layer, for instance needle felt glued to a
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board. The invention can also be used for joining building
panels which preferably contain a board material for instance
wall panels, ceilings, furniture components and similar.

BACKGROUND OF THE INVENTION

Laminate flooring usually consists of a core of a 6-12 mm
fibre board, a 0.2-0.8 mm thick upper decorative surface layer
of'laminate and a 0.1-0.6 mm thick lower balancing layer of
laminate, plastic, paper or like material. The surface layer
provides appearance and durability to the floor panels. The
core provides stability, and the balancing layer keeps the
panel plane when the relative humidity (RH) varies during the
year. The floor panels are laid floating, i.e. without gluing, on
an existing sub floor. Laminate flooring and also many other
floorings are made by the surface layer and the balancing
layer being applied to a core material. This application may
take place by gluing a previously manufactured decorative
layer, for instance when the fibre board is provided with a
decorative high pressure laminate which is made in a separate
operation where a plurality of impregnated sheets of paper are
compressed under high pressure and at a high temperature.
The currently most common method when making laminate
flooring, however, is direct laminating which is based on a
more modern principle where both manufacture of the deco-
rative laminate layer and the bonding to the fibre board take
place in one and the same manufacturing step. Impregnated
sheets of paper are applied directly to the panel and pressed
together under pressure and heat without any gluing.

Traditional hard floor panels in floating flooring of this type
are usually joined by means of glued tongue-and-groove
joints.

In addition to such traditional floors, which are joined by
means of glued tongue-and-groove joints, floor panels have
recently been developed which do not require the use of glue
and instead are joined mechanically by means of so-called
mechanical locking systems. These systems comprise lock-
ing means which lock the panels horizontally and vertically.
The mechanical locking systems are usually formed by
machining of the core of the panel. Alternatively, parts of the
locking system can be formed of a separate material, for
instance aluminium or HDF, which is integrated with the floor
panel, i.e. joined with the floor panel in connection with the
manufacture thereof.

The main advantages of floating floors with mechanical
locking systems are that they can easily and quickly be laid by
various combinations of inward angling, snapping-in and
insertion. They can also easily be taken up again and used
once more at a different location. A further advantage of the
mechanical locking systems is that the joint edges of the floor
panels can be made of materials, which need not to have good
gluing properties. The most common core material is fibre-
board with high density and good stability usually called
HDF—High Density Fibreboard. Sometimes also MDF—
Medium Density Fibreboard—is used as core.

DEFINITION OF SOME TERMS

In the following text, the visible surface of the installed
floor panel is called “front side”, while the opposite side of the
floor panel, facing the sub floor, is called “rear side”. The edge
between the front and rear side is called “joint edge”. By
“horizontal plane” is meant a plane which extends parallel to
the outer part of the surface layer. Immediately juxtaposed
upper parts of two adjacent joint edges of two joined floor
panels together define a “vertical plane” perpendicular to the
horizontal plane.
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By “joint” or “locking system” are meant co acting con-
necting means which connect the floor panels vertically and/
or horizontally. By “mechanical locking system” is meant
that joining can take place without glue. Mechanical locking
systems can in many cases also be joined by gluing. By
“integrated with” means formed in one piece with the panel or
factory connected to the panel.

By a “flexible tongue” is meant a separate tongue which
has a length direction along the joint edges and which is
forming a part of the vertical locking system and could be
displaced horizontally during locking. The tongue could be
for example flexible and resilient in such away that it can bend
along its length and sp ng back to its initial position.

By “flexible tongue blank™ are meant two or more flexible
tongues which are connected to a one piece component.
Examples of such flexible tongue blanks will be described in
more detail below.

By “fixing the flexible tongue” is meant that the flexible
tongue should at least be sufficiently attached to the floor
panel so as not to incidentally fall off during handling of the
floor panel, at the factory, during transport and/or in installa-
tion. By “mechanically fixed” is meant that the fixing is
essentially due to shape or friction force.

By “angling” is meant a connection that occurs by a turning
motion, during which an angular change occurs between two
parts that are being connected, or disconnected. When
angling relates to connection of two floor panels, the angular
motion takes place with the upper parts of joint edges at least
partly being in contact with each other, during at least part of
the motion.

By “vertical folding” is meant a connection of three panels
where a first and second panel are in a connected state and
where an angling action connects two perpendicular edges of
a new panel to the first and second panel. Such a connection
takes place for example when a long side of first panel in a first
row is already connected to a long side of'a second panel in a
second row. The third panel is than connected by angling to
the long side of the first panel in the first row. This specific
type of angling action, which also connects the short side of
the new panel and second panel, is referred to as vertical
folding

PRIOR-ART TECHNIQUE AND PROBLEMS
THEREOF

For mechanical joining of long sides as well as short sides
in the vertical and horizontal direction (direction D1, D2)
several methods are used but the locking is always performed
in 3 steps where angling or snapping are combined with
displacement along the joint edge in the locked position after
an optional side has been joined.

Angling of long side, displacement and snapping-hi of

short side

Snapping-in of long side, displacement and snapping-in of
short side.

Angling of short side, displacement of the new panel along
the short side edge of the previous panel and finally
downward angling of two panels.

These laying methods can also be combined with insertion

along the joint edge.

It is known the locking system may, however, be formed so
that snapping-in may occur by a motion which is vertical to
the surface of the floor panel. Generally the long side is locked
by angling and the short side with a vertical angling which
locks with a snap action. Such a system in described in WO
01/0248127 (Akzenta) The connection of panels is compli-
cated and difficult since fibres must be compressed and a
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hammer with a tapping block must be used. The panels are
locked in vertical direction mainly by a friction force and the
locking strength is low.

It is known that floor panels may be locked on long and short
side vertically and horizontally with one simple vertical fold-
ing action (WO 03/083234 Applicant Vilinge Aluminium).
This document comprises a part of this application. The
object of WO 03/083234 is to provide a joint system and floor
panels which can be laid with a vertical folding.

A floor panel with a vertical joint in the form of a flexible
tongue and a groove is provided, the tongue being made of a
separate material and being flexible so that at least one of the
sides of the floor panel can be joined by a vertical motion
parallel to the vertical plane.

This document also show how a joint system can be made
with a flexible spring tongue which can be displaced and/or
compressed horizontally in and out or alternatively be bent
vertically up or down. It describes a separate tongue of for
instance, wood fibre material, which can be displaced hori-
zontally by means of a flexible material, for instance a rubber
paste. It also describes an embodiment with a tongue, which
has an inner part that is resilient.

This known technology with a tongue which during lock-
ing moves horizontally in relation to the adjacent edges offers
several advantages over the known installation methods. The
locking is easy and faster since 3 steps are reduced to one step.

The invention described in WO 03/083234 does not how-
ever show the best method to lock floor panels with a vertical
folding. The production cost and the locking function could
be improved considerably.

BRIEF DESCRIPTION AND OBJECTS THEREOF

A first overall objective of the present invention is to pro-
vide a locking system based on a vertical folding with a
flexible tongue connected in a tongue groove. The locking
system should make it possible to lock all four sides of one
panel vertically and horizontally to other panels with an
angling action only. The costs and functions should be favor-
able compared to the known technology. An essential part of
the overall objective is to improve the function and costs of
those parts of the locking system that causes the flexible
tongue to displace during locking and spring back in locked
position.

More specifically the object is to provide a vertical folding
locking system with a flexible tongue where one or several of
the following advantages are obtained.

The flexible tongue should preferably be possible to dis-
placement during locking with such a low force that no tools
will be needed in connection with installation.

The spring effect should be reliable and the flexible tongue
should always move back to its pre-determined position when
the panels have been brought to the position where they are to
be locked.

The vertical locking should be strong and prevent that two
locked panels will move vertically when humidity is chang-
ing or when people walk on a floor.

The locking system should be able to lock floor panels
vertically with high precision so that the surfaces are essen-
tially in the same plane.

The vertical locking system should be designed in such a
way that the material and production costs could be low.

The separate flexible tongue should be possible to connect
to the floor panel in a simple and cost effective way. The
connection should keep the flexible tongue connected to the
panel during production, transport and installation.
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A second objective is to provide methods to produce the
flexible tongue and flexible tongue blanks which are later to
constitute parts of the mechanical locking system of the floor
panels.

A third object is to provide a rational method for joining the
flexible tongues with the joint portion of the floor panel to
form an integrated mechanical locking system where the
flexible tongue is factory connected to the floor panel.

A fourth object is to provide installation methods to con-
nect floor panels with vertical folding.

The above objects of the invention are achieved wholly or
partly by a locking system, floor panels, a flexible tongue, a
flexible tongue blank and production and installation meth-
ods according to the independent claims. Embodiments of the
invention are evident from the dependent claims and from the
description and drawings.

Although it is an advantage to integrate the flexible tongue
with the panel in the factory before installation, the invention
does not exclude an embodiment in which flexible tongues
are delivered as separate components to be connected to the
panel by the installer prior to installation.

According to a first aspect of the invention, a new floor
panel comprising connecting means which are integrated
with the floor panel and adapted to connect the new/tloor
panel with an essentially identical first and second floor panel
is provided.

The upper joint edges of said new and second floor panels
define in the connected state a vertical plane.

The connecting means are designed to connect said new
floor panel with said second floor panel in a horizontal direc-
tion perpendicular to said vertical plane and in a vertical
direction parallel to the vertical plane. The vertical connec-
tion comprising a flexible tongue in a sliding groove in one of
the new or second floor panels. The sliding groove is formed
in the edge of the panel and is open towards the vertical plane.
The flexible tongue has a length direction along the joint
edges, a width in the horizontal plane perpendicular to the
length and a thickness in the vertical direction.

The flexible tongue is designed to cooperate, in said con-
nected state with a tongue groove of another one of the new or
second floor panels.

The horizontal connection comprising a locking strip
which projects from said vertical plane and carries a locking
element 8 in the second panel.

The locking strip 6 is designed to cooperate, in said con-
nected state, with a downward open locking groove of the new
floor panel. The new floor panel could be locked to the first
and second floor panel with vertical folding. The flexible
tongue is during the vertical folding displaced two times in
the sliding groove. The first displacement is effected by the
vertical folding of the new floor panel whereby at least a part
of the flexible tongue is bent in the length direction and
parallel with the width.

A second displacement of the flexible tongue towards its
initial position is accomplished substantially by a spring
effect caused by said bending of said flexible tongue.

According to a first aspect of the second objective a tongue
blank is provided consisting of several flexible tongues con-
nected to each other. This facilitated automatic handling of
the tongues in connection with the fixing of the flexible
tongues into the displacement groove.

According to a first aspect of the third objective a produc-
tion method is provided to fix the flexible tongue in the
displacement groove. The flexible tongue is separated from a
tongue blank and displaced essentially parallel to its width or
length into the displacement groove where it is fixed with a
friction force.
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According to a first aspect of the fourth objective installa-
tion methods are provided which make it possible to connect
floor panels vertically and horizontally long side to short side
with a simple angling motion.

The invention allows horizontal and vertical locking of all
sides of floor panels with a simple angling of the long sides
only. Therefore it is especially suited for use in floor panels
which are difficult to displace in locked position for example
because they are long, in panels where parts of the locking
system is made of a material with high friction, such as wood
and in locking systems which are produced with tight fit,
without play or even with pretension. Especially panels with
such pretension where the locking strip is bent in locked
position and presses the panels together are very difficult to
displace. A locking system that allows a vertical folding
according to the invention will decrease the installation time
of such panels considerably.

The invention is also especially well-suited for panels
which are connected long side to short side and for panels
which are wide for example with a width larger than 20 cm.
Such panels are difficult to snap on short side and in most
materials they must have a vertical locking to avoid height
differences between the joint surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a-d illustrate one embodiment of a locking system
according to the invention.

FIGS. 2a-e¢ illustrate in different steps mechanical joining
of'a floor panels according to an embodiment of the invention.

FIGS. 3a-b show floor panels with a mechanical locking
system on a short side.

FIGS. 4a-b show the flexible tongue during the locking
action.

FIGS. 5a-b show how short sides of two floor panels could
be locked with vertical folding.

FIGS. 6a-c show another embodiment of the invention.

FIGS. 7a-f show different embodiments of a flexible
tongue.

FIGS. 8a-84 show schematically how a separate flexible
tongue could be connected to a floor panel.

FIGS. 9a-f show schematically different embodiments
according to the invention.

FIGS. 10a-d show how two types of panels could be locked
vertically and horizontally long side to short side with a
simple angling action only.

FIGS. 11a-d show another embodiment according to the
principles in FIGS. 10a-d.

FIGS. 12a-f show square panels and alternative locking
methods.

FIGS. 13a-¢ show how widely used traditional panels
could be adjusted to vertical folding.

FIG. 14 shows the flexible tongue in another embodiment
according to the invention.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

A first preferred embodiment of a floor panel 1, 1' provided
with a mechanical locking system according to the invention
is now described with reference to FIGS. 1a-14. To facilitate
understanding, the locking systems in all figures are shown
schematically. It should be emphasized that improved or dif-
ferent functions can be achieved using combinations of the
preferred embodiments. The inventor has tested all known
and especially all commercially used locking systems on the
market in all type of floor panels, especially laminate and
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wood floorings and the conclusion is that at least all these
known locking systems which have one or more tongues
could be adjusted to a system with one or more flexible
tongues according to the invention. Most of them could easily
be adjusted in such a way that they will be compatible with the
present systems. Several flexible tongues could be located in
both adjacent edges, one over the other and they could be on
different levels in the same edge or installed in the same
groove after each other. The flexible tongue could be on long
and/or short sides and one side with a flexible tongue could be
combined with another side which could have all known
locking systems, preferably locking systems which could be
locked by angling or a vertical movement. The invention does
not exclude floor panels with flexible tongues on for example
a long and a short side. Such panels could be installed by a
vertical motion without any angling. Angles, dimensions,
rounded parts etc. are only examples and could be adjusted
within the principles of the invention.

A first preferred embodiment of a floor panel 1, 1' provided
with a mechanical locking system according to the invention
is now described with reference to FIGS. 1a-14.

FIG. 1a illustrates schematically a cross-section of a joint
between a short side joint edge 4a of a panel 1 and an opposite
short side joint edge 45 of a second panel 1'.

The front sides 61 ofthe panels are essentially positioned in
a common horizontal plane HP, and the upper parts 21, 41 of
the joint edges 4a, 4b abut against each other in a vertical
plane VP. The mechanical locking system provides locking of
the panels relative to each other in the vertical direction D1 as
well as the horizontal direction D2.

To provide joining of the two joint edges in the D1 and D2
directions, the edges of the floor panel have in a manner
known per se a locking strip 6 with a locking element 8 in one
joint edge, hereafter referred to as the “strip panel” which
cooperates with a locking groove 14 in the other joint edge,
hereafter referred to as the “fold panel”, and provides the
horizontal locking.

The mechanical locking system according to the invention
comprises a separate flexible tongue 30 connected into a
displacement groove 40 formed in one of the joint edges. The
flexible tongue 30 has a groove portion P1 which is located in
the displacement groove 40 and a projecting portion P2 pro-
jecting outside the displacement groove 40. The projecting
portion P2 of the flexible tongue 30 in one of the joint edges
cooperates with a tongue groove formed in the other joint
edge.

In this embodiment, the panel 1 could for example have a
body or core 60 of wood-fibre-based material such as HDF,
plywood or solid wood.

The flexible tongue 30 has a protruding part P2 with a
rounded outer part 31 and a sliding surface 32 which in this
embodiment if formed like a bevel. It has upper 33 and lower
35 tongue displacement surfaces and an inner part 34.

The displacement groove 40 has an upper 42 and lower 46
opening which in this embodiment are rounded, a bottom 44
and upper 43 and lower 45 groove displacement surfaces
which preferably are essentially parallel with the horizontal
plane HP.

The tongue groove 20 has a tongue locking surface 22
which cooperates with the flexible tongue 30 and locks the
joint edges in a vertical direction D1. The fold panel 1' has a
vertical locking surface 24, which is closer to the rear side 62
than the tongue groove 20. The vertical locking surface 24
cooperates with the strip 6 and locks the joint edges in another
vertical direction. The fold panel has in this embodiment a
sliding surface 23 which cooperated during locking with the
sliding surface 32 of the tongue.
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FIGS. 2a-2e shows how a fold panel 1' could be locked to
a strip panel 1. The figures show a vertical motion of two
panels towards each other. The figures also shows a part of a
vertical folding connecting three panels to each other as
shown in FIG. 5a. The FIGS. 2a-2¢ shows how the two cross
sections A-A and A'-A' of FIG. 5a will be connected when the
fold panel 1' will be angled towards the strip panel 1. FIG.
2b-c show how the sliding surfaces cooperate when the fold-
ing panel 1' is moved vertically towards the strip panel 1. The
flexible tongue 30 is displaced with a first displacement
essentially horizontally in the displacement groove 40
towards the bottom 44. When the panels are in the position
where they are to be locked to each other, the flexible tongue
30 springs back with a second displacement towards its initial
position and the panels are locked vertically between the
vertical locking surface 24 and the strip 6 and the lower
displacement surface 35 and the tongue locking surface 22.

The flexible tongue 30 should preferably be connected to
the displacement groove 40 with high precision. Depending
on the compressibility and friction between the flexible
tongue 30 and the displacement groove 40, the tongue as
whole or different parts could be connected with a small play,
for example 0.01-0.10 mm, a precise fit or a pre tension. Wax
or other friction reducing materials or chemicals could be
applied between the flexible tongue and the displacement
groove and/or in the tongue groove and/or in the locking
system in order to facilitate displacement of the tongue and
the locking and/or to facilitate the connection of the flexible
tongue in the displacement groove.

Even with a play, a precise fit between the upper joint edges
could be accomplished. The lower tongue displacement sur-
face 35 could be formed to press the tongue locking surface
22 and the vertical locking surface 24 towards the strip 6. For
example the protruding part P2 of the tongue displacement
surface 35 could be formed with a small angle to the horizon-
tal plane HP. The protruding part P2 of the flexible tongue will
tilt towards the front side 61 and a part of the upper tongue
displacement surface 33 will press against the upper groove
displacement surface 43 while parts of lower displacement
surfaces 35,45 close to the bottom 44 of the displacement
groove 40 will press against each other. In such an embodi-
ment, the vertical fit between the upper joint edges will
mainly depend on the production tolerances between the ver-
tical locking surfaces 24 and a vertical contact surface 6', in
this embodiment located on the upper part of the strip 6,
which in locked position will be in contact with each other
and preferably press against each other. The flexible tongue
30 could be formed to cause a permanent pressure force
horizontally in the locked position. This means that the flex-
ible tongue 30 will only partly spring back to the initial
position. The flexible tongue 30 could optionally be designed
with such dimensions that in locked position it will move
slightly towards s initial position when people walk on the
floor or when the panels at warping in different humidity.
Gradually a perfect vertical connection will be accomplished.

FIG. 3a shows a cross section A-A of a panel according to
FIG. 35 seen from above. The flexible tongue 30 has a length
L along the joint edge, a width W parallel to the horizontal
plane and perpendicular to the length L and a thickness T in
the vertical direction D1. The sum of the largest groove por-
tion P1 and the largest protruding part P2 is the total width
TW. The flexible tongue has also in this embodiment a middle
section MS and two edge sections ES adjacent to the middle
section. The size of the protruding part P2 and the groove
portion P1 varies in this embodiment along the length L and
the tongue is spaced from the two corner sections 9a and 95.
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This shape is favorable in order to facilitate the first and the
second displacement of the flexible tongue 30.

FIGS. 4a and 4b shows the position of the flexible tongue
30 after the first displacement towards the bottom 44 of the
displacement groove 40. The displacement is caused essen-
tially by bending of parts of the flexible tongue 30 in its length
direction L. parallel to the width W. This feature is essential for
this embodiment of the invention and offers several advan-
tages.

A first important advantage is that the tongue could be
made of rather rigid material which is strong and stable in the
vertical direction while at the same time a flexibility in hori-
zontal direction D2 could be accomplished. The bending
portions are could be made considerably larger than the hori-
zontal displacement needed to accomplish the locking,

A second advantage is that the parts which are flexible and

facilitates the first and second horizontal displacement also
supports the vertical stability of the tongue. The advantage is
that the total width TW of the flexible tongue and the depth of
the displacement groove could be rather limited. This
improves the strength and moisture deformation of the joint
edge. As a non-restrictive example it could be mentioned that
the total width TW of'the flexible tongue could be about 5-15
mm.
A third advantage is that the flexible tongue could be made
in one piece of a single material without any soft and com-
pressible materials. This will decrease the production cost
and facilitate the connection of the tongue in the displacement
groove.

The sliding grove is in this preferred embodiment a con-
tinuous groove over the whole length of the join edge. The
displacement groove 40 could however be formed in only a
part of the edge and it does not have to be parallel with the
edge. The displacement groove 40 could for instance be
curved. Such a groove is easy to produce with a rotating tool
which could move against the edge.

The fold panel could be disconnected with a needle shaped
tool which could be inserted from the corner section 95 into
the tongue grove 20 and press the flexible tongue back into the
displacement groove 40. The fold panel could then be angled
up while the strip panel is still on the sub floor. Of course the
panels could also be disconnected in the traditional way.

FIGS. 5a and 54 shows one embodiment of a vertical
folding. A first panel 1" in a first row is connected to a second
1 panel in a second row. The new panel 1' is connected with its
long side 5a to the long side 55 of the first panel with angling.
This angling action also connects the short side 45 of the new
pane with the short side 4a of the second panel. The fold panel
1' is locked to the strip panel 1 with a combined vertical and
turning motion along the vertical plane VP. The protruding
part P2 has a rounded and or angled folding part P2' which
during folding cooperates with the sliding surface 23 of the
folding panel 1'. The combined effect of a folding part P2',
and a sliding surface 32 of the tongue which during the
folding cooperates with the sliding surface 23 of the fold
panel 1' facilitates considerably the first displacement of the
flexible tongue 30. The horizontal pressing force could be
spread over a much larger portion than the thickness T of the
flexible tongue and the fold panel could easily be folded down
with a low force even if the spring effect of the bending is
high. As a non-restrictive example it could be mentioned that
a vertical pressing force of 10 N against a piece, which has a
length of 100 mm along the long side, applied on the long side
5b of the fold panel, as shown in FIG. 54, could displace a
projecting portion P2 to the inner position even if the spring
force is 20 N. Most of the pressure force will be horizontal and
the flexible tongue will be displaced into the displacement
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groove 40 without any risk of a block effect caused by friction
or atilting and/or vertically bending of the flexible tongue 30.
It is an advantage if the locking system is designed in such a
way that the locking element 8 is partly in the locking groove
14 when the first displacement starts. This is shown in FIG.
5b. The top edges 41,21 are partly in contact with each other
and the fold panel 1' is in the correct starting position. The
locking element 8 and the locking groove 14 prevent the strip
panel 1 and the fold panel 1' to separate when the flexible
tongue 30 is pressed into the displacement groove 40. En
essential feature of this embodiment is the position of the
projecting portion P2 which is spaced from the corner section
9a and 95. The spacing should be preferably at least 10% of
the length of the joint edge, in this case the visible short side
4a. FIG. 5a shows that the spacing from the both corner
section 9a and 95 gives the flexibility that the fold panel could
during the vertical folding be connected to the long side of the
first panel 1" with the tongue side Sa or the strip side 55

FIG. 6a-6b show that the flexible tongue could be in the
edge of the fold panel 1'. The sliding surface 32 of the tongue
cooperates in this embodiment with the top edge of the strip
panel. Thanks to the folding part P2', the locking could be
made without any risk of damaging the top surface layer at the
edge. The advantage of this embodiment is that a short side
with a flexible tongue could be connected to a traditional long
side or short side locking system with a strip 6 and a tongue
groove 20 in the same edge.

FIG. 6¢ shows an embodiment where the displacement
groove 40 is not parallel with the horizontal plane HP. This
facilitates the connection of the flexible tongue 30 into the
displacement groove 40. The protruding part of the flexible
tongue 30 is wedge shaped in order to press the vertical
contact surface 6' and the vertical locking surface 24 against
each other. The locking surfaces between the locking element
8 and the locking groove 14 are angled and have an angle
which is less than 90 degree against the horizontal plane HP
and the locking system could be connected with a tight fit and,
or pre tension.

FIGS. 7a-7e shows different embodiments of the flexible
tongue 30. In FIG. 7a the flexible tongue 30 has on one of the
edge sections a friction connection 36 which could be shaped
for instance as a local small vertical protrusion. This friction
connection keeps the flexible tongue in the displacement
groove 40 during installation, or during production, packag-
ing and transport, if the flexible tongue is integrated with the
floor panel at the factory. FIG. 46 show that the friction
connection 36 keeps one edge section ES connected while the
other edge section ES” moves along the edge. The length L' in
the inner position is in this embodiment larger than the length
L in locked position.

FIG. 7b shows a tongue blank 50 consisting of several
flexible tongues 30 connected to each other. In this embodi-
ment the flexible tongue 30 is made with moulding preferably
injection moulding. Any type of polymer materials could be
used such as PA (nylon), POM, PC, PP, PET or PE or similar
having the properties described above in the different
embodiments. These plastic materials could be reinforced
with for instance glass fibre. A preferred material is glass fibre
reinforced PA.

FIGS. 7¢-e show different embodiments made by injection
moulding. With this production method a wide variety of
complex three-dimensional shapes could be produced at low
cost and the flexible tongues 30 could easily be connected to
each other to form tongue blanks 50. Of course the flexible
tongue 30 could be made from metal. FIG. 7 e shows that the
flexible tongue could be made of an extruded or machined
plastic section which could be further shaped with for



US 9,347,469 B2

11

example punching to form a flexible tongue according to the
invention. Materials such as plastic, metals preferably alu-
minium, wood based sheet material such as HDF and com-
pact laminate could be used.

FIG. 7f shows an embodiment which consist of two sec-
tions 38 and 39 which are connected to each other. This will
be explained more in connection to FIGS. 12d-f

In general any shape which allows that a part of the tongue
could bend in length direction and spring back in such a way
that the projecting portion could be displaced with 0.1 mm or
more, will be possible to use. Normally the displacement
should be 1-3 mm but very small displacements of some 0.1
mm could be enough to form a vertical locking which pre-
vents vertical movement especially in HDF material.

FIGS. 8a-84 show schematically a production method to
fix the flexible tongue to the displacement groove. In this
embodiment the flexible tongue is mechanically fixed. Of
course glue or mechanical devices can also be used. To sim-
plify the understanding the panel 1' is located with its front
side up. The panel could also be turned with the rear side up.
The tongue blanks 50 are moved through a separation unit 51
which separates the flexible tongue 30 from the tongue blank
50. The flexible tongue 30 could then be moved to a lower
level with a vertical device 55. This motion could also be
combined with the separation. A pusher 54 moves the flexible
tongue 30 into the displacement groove 40 and connects it
with the friction connection 36. The flexible tongue is guided
over the strip 6 between an upper 52 and lower 53 guiding
devices. Vacuum could also be used to connect the flexible
tongue 30 to the upper 52 guiding device during the horizon-
tal displacement into the displacement groove 40. A lot of
alternatives are possible within the main principles that the
flexible tongue is separated from a tongue blank containing at
least two connected flexible tongues and displaced essentially
parallel to its width and/or length into the displacement
groove 40 where it is fixed with a friction force.

FIGS. 9a to 9f are examples which show that all known
locking systems could be adjusted to vertical folding with a
flexible tongue 30 according to the invention and that the
flexible tongue 30 could be attached optionally to the strip or
fold panel. In the embodiment of FIG. 9e, the strip 6 is not
rigid enough to form a vertical contact surface. This could be
solved by atongue 10 and a groove 9 above the flexible tongue
30. Of course the vertical contact surface 6' could be a part of
the tongue groove and the vertical locking surface 24 could be
the projecting portion of the tongue as shown in FIG. 9e.

FIG. 10a-b shows how a locking system could be designed
to lock long side 44 to long side 45 with angling, short side 5a
to short side 55 by vertical folding and/or angling and short
side to long side with vertical folding or angling. FIGS. 10c-
104 show how two panels A and B with mirror inverted
locking systems could be locked to a floor with an advanced
installation pattern. Panels 1-6 could be installed with
angling. Panel 7 could be installed by angling the short side to
the long side of pane 6. Panels 8-9 could be installed by
angling. Panel 12 is installed by angling the short side. Panels
13-23 are installed by folding. Panels 24-26 are installed by
angling and panels 27-34 by folding. Thanks to the flexible
tongue 30 on the short side the whole floor could be installed
with a simple angling action in spite of the fact that all panels
are connected on all sides vertically and horizontally and all
panels are connected long to long side and long to short side.
This installation method could be used in connection with all
types of flexible tongues and not only those embodiments that
bend along the length direction. FIG. 1056 show that the lock-
ing system could be locked with a pressure force F caused by
the flexible tongue 30.
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FIGS. 11a-11d show how A and B panels with a flexible
tongue could be installed and locked vertically D1 and hori-
zontally D2 in a single or double herringbone pattern with
only a simple angling action.

FIG. 12a-c shows vertical folding installation with square
panels. The flexible tongue 30 has several protruding parts P2.
This embodiment could be used as an alternative to several
separate flexible tongues when the length of the joint edge
exceeds for example 200 mm. The friction connection 36
could be located for example in a middle section.

FIG. 12d-e shows an alternative way to displace the flexible
tongue. The method could be combined with a flexible tongue
according to FIG. 7f. The new panel 1' is in angled position
with an upper part of the joint edge in contact with the first
panel 1" in the first row. The first panel 1', the fold panel, is
than displaced towards the second panel 1 until the edges are
essentially in contact and a part of the flexible tongue 30 is
pressed into the displacement groove 40 as can be seen in the
FIG. 12e. The new panel 1' is than folded down towards the
second panel 1. FIG. 121 show that the tongue could be on the
folding panel. Since the displacement of the new panel 1'
presses an edge section of the flexible tongue 30 into the
displacement groove 40, vertical folding will be possible to
make with less resistance. Such an installation could be made
with a flexible tongue that has a straight protruding part. The
flexible tongue 30 does not have to bend in the length direc-
tion if it has a flexible device such as rubber that could be
compressed. The bending could be replaced by a horizontal
turning action where one edge section of the flexible tongue
during locking is closer to the bottom 44 of the displacement
groove 40 than another opposite edge section.

FIGS. 13a-c shows how a known locking system, used in
large volumes on the marked, could be converted to a vertical
folding, preferably in two steps. The first step is to replace the
traditional tongue 10 with a flexible tongue 30. In this
embodiment the locking systems will be compatible which
means that an old and new panel could be locked to each
other. After a while when all products in the shops are sold,
the groove 9 of the strip part could be adjusted.

Within the invention a lot of alternatives are possible to
accomplish vertical folding with a flexible tongue.

A flexible tongue could be produced according to the same
principle as known mechanical devices which create a spring
effect similar to locking devices used in doors, windows,
furniture, cars and mobile phones. The flexible tongue with
these mechanical devices could be formed with dimensions
suitable for 6-15 mm floorings, especially wood floorings,
and inserted into the edge. FIG. 134 shows that the flexible
tongue (30) could for example be mounted in a separate
sliding section 56 made of plastic or metal or any other
suitable material and containing a compressible or flexible
rubber, metal or plastic component (57) or similar able to
create the spring effect. This sliding section 56 could be
connected into the edge of the floor panel in a holding groove
40" which in this embodiment is rounded and has a shape
similar to a part of a rotating saw blade. Since the holding
groove 40' only is formed in a part of the short side edge, it
could be made rather deep and the edge will still have suffi-
cient strength. A preferable feature of this embodiment is that
the deepest part of the holding groove 40' is only located in a
part of the edge. Contrary to the other embodiments the
holding groove 40' is not parallel with the joint edge and does
not cover the whole edge. Of course other shapes are possible
and the parallel groove is not excluded.

Especially on long and wide floor panels rather compli-
cated devices could be used since only 2-4 pieces are required
per m2 of flooring. Even with a rather high unit price, the
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advantages with vertical folding are considerable and could
overcome a rather high cost for the locking system. Due to the
fact that the short sides are not sawn very often, metal com-
ponents could also be used and these components could be
formed in such a way that they are easy to remove from the
floor panel if the short side edge must be sawn.

Infloor panels with a width of about 20 cm a flexible tongue
with a length of a few cm is enough if it is positioned in the
middle part of the short side about 6-9 cm from the corner
section.

The flexible tongue could also be made of one single com-
ponent as described in the embodiment above and with a
thickness of about 1 mm only and could be used to connect
floorboards with a thickness down to 4 mm.

All features of the embodiment described above could be
combined with each other or used separately. The flexible
tongues could be combined with all shown displacement or
holding grooves. The locking systems could be used in any
shown joint or floor panel. The system according to FIG. 14
could for example be used in floor panels described in FIGS.
10a-d. The tongue as shown in FIG. 7fcould also have a shape
as shown [ FIG. 76 and it could be made to bend in the length
direction where this bending is partly supported by a flexible
material 38. The locking strips could in all embodiments be
made of a separate material or in one piece. Part of the strip 6
in FIG. 14 could be removed under the plastic component 56
to facilitate fixing to the joint.

The method to produce a separate tongue which is inserted
into a groove could of course be used to save material and
improve friction properties even if the tongue is not flexible or
displaceable. The methods and principle could also be used
together with a flexible tongue that could be bent in vertical
direction up and/or down during locking.

The system could be used to connect the shaped panes
installed on a wall. The tile could be connected to each other
and to a locking member fixed to the wall.

Although only preferred embodiments are specifically
illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention

10

15

20

25

30

35

14

are possible in light of the above teachings and within the
purview of the appended claims without departing from the
spirit and intended scope of the invention.

The invention claimed is:

1. A method of providing rectangular building panels hav-
ing machined joint portions with a mechanical locking sys-
tem which locks the panels horizontally and vertically on at
least two opposite sides of the panels, said mechanical lock-
ing system comprising a flexible tongue made of a polymer
material and formed from a tongue blank comprising at least
two flexible tongues, the method comprising:

separating the flexible tongue from the blank,

displacing the flexible tongue vertically to a lower level via

a vertical device,

pushing the flexible tongue into a groove of the mechanical

locking system via a pusher, and

mechanically connecting the flexible tongue into the

groove.

2. The method as claimed in claim 1, wherein the flexible
tongue is made by injection molding of a polymer material.

3. The method as claimed in claim 1, comprising guiding of
the flexible tongue, during the pushing, between an upper
guiding device and a lower guiding device.

4. The method as claimed in claim 3, wherein the guiding
of'the flexible tongue is over a strip of the mechanical locking
system.

5. The method as claimed in claim 1, wherein the flexible
tongue is displaceable in the groove during locking of the two
opposite sides of the panels.

6. The method as claimed in claim 1, wherein the flexible
tongue is mechanically connected into the groove via a fric-
tion connection.

7. The method as claimed in claim 1, wherein the pushing
of'the flexible tongue is in a direction parallel to one of a width
of the flexible tongue and a length of the flexible tongue.
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